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X N Y U ii
Abstract
Many physical phenomena in quantum mechanics  plasma astrophysics 
seismology acoustics and etc are described by the Schrödinger equation. There
has been much works on the Schrödinger equation without nonlinear derivative
terms, mainly using the finite difference method. These works have focused on
the construction of stable schemes, which preserve different energy identities.
However, up to our knowledge, no error analysis is available. On the other side,
when the nonlinear derivative terms are involved in the Schrödinger equation, it
is more difficult to construct stable schemes preserving the energy conservations.
The construction and analysis of such schemes for the nonlinear Schrödinger
equation is one of our main goal in this research.
Our numerical experiences show, as reported by many others, that the clas-
sical explicit schemes to the Schrödinger equation are unstable. It is therefore
desirable to construct suitable semi-implicit schemes allowing stable large time-
stepping. The second goal of this paper consists of considering the Schrödinger
equation involving the nonlinear derivative term, subject to the periodic bound-
ary conditions, and proposing a conservative finite difference scheme in time and
Fourier spectral method in space. Rigorous numerical analysis is carried out to
derive the energy conservation properties of the full discrete problem.
Finally, a series of numerical experiments are performed to support our the-
oretical claims.
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iut + uxx − iα|u|
2ux − β|u|
2u − γ|u|4u = 0, (x, t) ∈ Ω × [0, T ],
u(·, t) 6}x2π=	, t ∈ [0, T ],
u(x, 0) = u0(x), x ∈ Ω,
(1.1)
6 i2 = −1, α, β, γ SKKd u0(x) Sd 2π =	w%Hd u(x, t) S%(HdU (1.1)  GJd%w:mC
A. Sx Schrödinger U
iut + uxx = 0, (1.2)
B. `w-H Schrödinger U
iut + uxx − β|u|














C. k3w-H Schrödinger U
iut + uxx − β|u|
2u − γ|u|4u = 0, (1.4)
D. k-Hqdw Schrödinger U
iut + uxx − β|u|
2u − γ|u|4u − iα(|u|2u)x = 0. (1.5)
(1.2) SSxnw SchrödingerCU [3]1J`8m4J73w)P(P8	q℄<)(P w{ (1.3) `w-H Schrödinger U"U:R (3-H:Ry9M:y) xJ;wossp+x;;Rosx,H	℄*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:;A K9>?H 4bev q^km)	A\S}AU (1.1) wwH[TZ8m4`:JuH97(P#j97_QwH[TH4
§ 2.1 }pZ(d}A6}U (1.1) wwH[TZ h ‖f‖p = (∫ 2π0 |f(x)|pdx) 1p
(p ≥ 1). x\nKp p = 2 J ‖ · ‖2 x> ‖ · ‖. 	}`)d A, S ReA N
ImA 76RuwK>NK>dx3%w :z 1 (wH[T)  α, β, γ SKKd u(x, t) SU (1.1) w	,gw
t, 0 ≤ t ≤ T , PA
dE1(t)
dt
= 0, (2.1)< E1(t) = ‖u(·, t)‖22,
dE2(t)
dt




2u(·, t)ux(·, t)dx.1: >s3%6#P (z, z1, z2 ,gwd)
Im(z1z2) = −Im(z1z2), Im(iz) = Re(z),












































(−β|u|2u − γ|u|4u) · 2udx = −2Im
∫ 2π
0
(β|u|2|u|2 + γ|u|4|u|2)dx = 0,
Qd8+Px d
dt
‖u‖22 = 0, i
dE1(t)
dt
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§ 2.2 	ry~Juu [0, T ] P m =Ju=L τ = T
m
. S tn = nτ , n =







































γ(|u1|4 + |u1|2|u0|2 + |u0|4)(u1 + u0) −
1
4
iαu0(u0u1 + u0u0)x = 0,
un(2π) = un(0), n = 0, 1, 2, · · · ,m,
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β|un|2(un+1 + un) −
1
6
γ(|un+1|4 + |un+1|2|un−1|2 + |un−1|4)
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(|un+1|2 − |un−1|2)dx = 0.v En1 w h (2.7) v
En1 = E
n−1
1 = · · · = E
0






















































































































nun−1]dx = 0.v En2 w h (2.9) v
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0
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